Background: Soft-tissue sarcomas (STS) are rare malignant tumors those are resistant to chemotherapy. We have previously reported the 3-year follow-up result on the efficacy of perioperative chemotherapy with doxorubicin (DXR) and ifosfamide (IFM) for high-risk STS of the extremities (JCOG0304). In the present study, we analyzed the 10-year follow-up results of JCOG0304.
Background
Soft-tissue sarcomas (STS) are rare types of malignant tumors those account for less than 1% of all malignancies [1] . According to the Soft Tissue Tumor Registry conducted by the Japanese Orthopaedic Association, 1529 patients with STS were registered in 2015 in Japan [2] . The standard treatment for localized, low-grade and/or small STS is surgery. On the other hand, highgrade, large, and deep-seated STS are considered to be high-risk and adjuvant chemotherapy could be a treatment option for this type of STS [3] .
We conducted a multicenter phase 2 trial (JCOG0304) of perioperative chemotherapy with doxorubicin (DXR) and ifosfamide (IFM) for treating high-risk STS of the extremities [4] . We have previously reported the perioperative chemotherapy with DXR and IFM was well tolerable and promising in the short-term results of JCOG0304, including the efficacy, safety, and correlation of outcomes with prognostic factors and radiological response [5] [6] [7] . In the present study, we analyzed the 10-year follow-up results and report the final results of JCOG0304.
Methods
From March 2004 to September 2008, a total of 72 patients with high-risk (i.e. high-grade, deep-seated tumors with size > 5 cm), operable STS of the extremities were enrolled in the phase II trial JCOG0304. The study protocol of JCOG0304 was approved by the Protocol Review Committee of the Japan Clinical Oncology Group (JCOG) and was also approved by the Institutional Review Boards of each of the 27 participating institutions. Written informed consent was obtained from each patient before study enrollment.
Details for the eligibility criteria of JCOG0304 have been reported elsewhere [5] . Briefly, the main inclusion criteria were: (1) histologically proven STS of stage III (T2bN0M0), according to the AJCC/UICC 6th edition [8] ; (2) histological grade of 2 or 3, according to the French Federation of Cancer Center (FNCLCC) system [9] ; (3) resectable tumor in the extremities; (4) age > 20 years, but < 70 years; (5) Eastern Cooperative Oncology Group (ECOG) performance status 0 or 1; and (6) sufficient organ function. The histological diagnosis of biopsy specimens from all patients was reviewed after patient registration by an independent central pathologic committee, which consisted of 3 pathologists who specialized in diagnosing STS.
Preoperative chemotherapy was administrated for 3 courses, followed by surgical resection, and 2 additional courses of postoperative chemotherapy.
Each course of chemotherapy was given every 3 weeks and consisted of DXR (30 mg/m 2 /day on days 1 and 2) and IFM (2 g/m 2 /day on days 1-5). Mesna (1200 mg/ m 2 /day) was added after the administration of IFM on days 1-5. Granulocyte-colony stimulating factor was used prophylactically for 7 days if the patient experienced grade 4 neutropenia or leukopenia for more than 5 days after chemotherapy in the previous course.
Surgical treatment was carried out within 5 weeks of the last administration of preoperative chemotherapy. A wide margin should be attempted for the tumor resection; however, a marginal margin was also allowed. If the surgical margin was assessed as insufficient (i.e., margin < 1 cm), a marginal or intralesional margin and local radiation therapy was permitted after the protocol treatment. The decision of administration of radiation was depend on discretionary of the treating physicians, thus the details of radiation therapy were not defined in the protocol of JCOG0304.
The JCOG Data Center conducted data management and the statistical analysis of the present study. Details of the criteria for radiological and pathological response evaluation in JCOG0304 have been reported [5] . Adverse events were evaluated using the National Cancer Institute Common Toxicity Criteria (version 2.0).
Endpoints and statistical analysis
The primary endpoint of the JCOG0304 study was 2-year progression-free survival (PFS), with secondary endpoints of radiological and pathological response to preoperative chemotherapy, overall survival (OS), and adverse events. PFS and OS were defined as the time from enrollment to disease progression or death, and to death, respectively. The PFS and OS were estimated by the Kaplan-Meier method. Univariable and multivariable Cox regression analyses were conducted to investigate the prognostic impact of variables on PFS, which included age, sex, histological subtype, tumor differentiation, necrosis, mitosis, histological grade by FNCLCC and Ki-67 system [6] , and tumor size. Data assessed by institutional decision was used for univariable analysis only, whereas the data reviewed by the Central Pathological Committee was used for univariable and multivariable analyses. Hazard ratios and p values were calculated by Cox regression model. As a sensitivity analysis, multivariable analysis with backward elimination method with alpha of 0.2 was also performed. The difference was considered as significant if the p value was < 0.05. All statistical analyses were carried out using SAS software version 9.1 or higher (SAS Institute, Cary, NC, USA).
Results

Patients and treatment
Details of the characteristics of the 72 enrolled and 70 eligible patients have been reported elsewhere [5] . The median follow-up period of all eligible patients beginning from enrollment was 10.0 years (interquartile range, 2.1-11.6 years). The median follow-up duration of the 54 patients without progression or death was 10.4 years (interquartile range, 9.3-to 12.0 years). A diagram of the study flow is shown in Fig. 1 . Three courses of preoperative chemotherapy were completed in 66 patients and all 5 courses of the protocol treatment were completed in 53 patients. For local treatment, all eligible patients underwent surgery and 12 patients were treated by adjuvant radiation therapy as a post-protocol treatment.
Efficacy and safety
When the trial database closed in October 2018, 16 patients had died, with 19 and 5 patients having developed distant and local relapse, respectively. In 12 patients treated by adjuvant radiation therapy, no local recurrence was observed. All 5 patients who had local recurrence were treated by negative margin in surgical resection, and one out of the five patients had died. Compared to the previous reports on JCOG0304 with a median follow-up of 5.1 years, 4 more patients died. In addition, no local or distant relapse were observed within the following 5 years after the data cut-off date for the previous reports. For the 70 eligible cases, the 5-and 10-year OS was 82.9% (95% CI: 71.8-89.9%) and 78.1% (95% CI, 66.3-86.2%), respectively (Fig. 2) . Furthermore, the 5-and 10-year PFS were both 65.7% (95% CI: 53.4-75.5%) (Fig. 3) .
No treatment related death was observed in the present study. Secondary malignancies were found in 6 patients (breast cancer, chronic myeloid leukemia, prostate cancer, sigmoid colon cancer, lung cancer, gastric malignant lymphoma), however, all of these were considered to be unrelated to the protocol treatment. Regarding late adverse effects, grade 3 ventricular arrhythmia was observed in only 1 patient. Grades 1 and 2 left ventricular dysfunction was observed in 1 patient each. Grade 1 edema, as well as grades 1 and 2 peripheral nerve dysfunction, were found in 5, 4, and 1 patients, respectively.
In the univariable analysis, there were no significant differences in PFS regarding sex (male vs. female), age (< 40 vs. ≥40 years), ECOG performance status (0 vs. 1), histological subtype (undifferentiated pleomorphic sarcoma, leiomyosarcoma, synovial sarcoma, or other), histological tumor differentiation (score 3 vs. 2), tumor necrosis (score 1 or 2 vs. 0), and mitosis (score 2 or 3 vs. 1), histological grade evaluated by FNCLCC system (grade 3 vs. 2) and Ki-67 system (grade 3 vs. 2). However, primary tumor size (< 10 cm vs. > 10 cm) significantly influenced on PFS of the patients (Table 1) . Furthermore, the multivariable analyses both with all variables and backward elimination demonstrated that there was significant difference in PFS with regard to the tumor size (Fig. 4, Table 2 ).
Discussion
In the present study, we focused on the long-term results of JCOG0304, as well as the correlations between prognostic factors and outcomes, at a median follow-up of 10 years. Only a few long-term results of clinical trials studying perioperative chemotherapy for STS have been reported due to time and cost issues [10, 11] . As in our previous report, the favorable outcomes of JCOG0304 were maintained during the long-term follow-up of 10 years. We found that perioperative chemotherapy with DXR plus IFM might be useful as a treatment for highrisk STS of the extremities.
In previous clinical trials of adjuvant chemotherapy for STS, it was known that local and distant failure may appear, even as long as 5 years after treatment, and that long-term results of adjuvant chemotherapy tend to lose their initial advantage in survival over surgery alone. For instance, in a randomized controlled trial (RCT) conducted by the Italian Sarcoma Group (ISG) on epirubicin (EPI) and IFM, which compared adjuvant chemotherapy and surgery alone, the 4-year OS of the adjuvant chemotherapy arm was significantly better than that of the surgery alone arm [12] . However, this superiority was lost in subsequent long-term observation and the effectiveness of postoperative adjuvant chemotherapy was considered to be questionable [13] . The ISG conducted another RCT on full-dose EPI and IFM by comparing 5 total courses of pre-and post-operative chemotherapy with 3 courses of preoperative chemotherapy. This trial in which 328 patients with high-risk STS of the extremities and trunk were registered, demonstrated the non-inferiority of the 3-course preoperative chemotherapy for survival [14] . From the long-term observation of the trial, the good 5-year survival results were maintained at the 10-year follow-up [10] . Both the trial of neoadjuvant chemotherapy by ISG and the JCOG0304 study showed long-term stable results. The commonality of both studies is that 3 courses of full-dose anthracycline and IFM have been used prior to surgery. In addition, 91.7% of enrolled patients could complete 3 courses of preoperative chemotherapy. Although both studies lacked a surgery alone arm, the results suggest that preoperative chemotherapy with anthracycline and IFM might be highly effective for treating high-risk STS.
Regarding the usefulness of preoperative chemotherapy for treating high-risk STS, the ISG-STS1001 RCT, which included a 3-course chemotherapy regimen in the neoadjuvant setting, showed interesting results [15] . In this trial, full-dose EPI and IFM as the standard treatment arm and histology-tailored regimens as the experimental arm were compared. The results demonstrated a significantly better 4-year disease-free survival in the standard arm than that of the experimental arm (62 and 38%, respectively, p = 0.006), as well as 4-year OS (89 and 64%, respectively, p = 0.034). The results in the standard arm were similar to those of the JCOG0304 trial, while those of the histology-tailored chemotherapy arm were similar to those of the surgery alone arm in the study of Frustaci et al. [12] . Moreover, univariable and multivariable analyses in JCOG0304 demonstrated no significant differences in outcomes regarding histological subtype (undifferentiated pleomorphic sarcoma, leiomyosarcoma, synovial sarcoma, or other). So far, the standard treatment with anthracycline and IFM might be favorable for STS of major histological subtypes, at least for those eligible in JCOG0304 and ISG-STS1001. Since ISG-STS1001 study had a short median followup time of 12.3 months, long-term observation is required to confirm these findings. However, compared to ineffective chemotherapy (or surgery alone), the results of the ISG-STS1001 suggested that an improved survival proportion of approximately 20% can be expected for the patients with high-risk STS who receive full-dose anthracycline plus IFM combination chemotherapy administered before surgery [15] . Regarding the efficacy of perioperative chemotherapy for treating STS, a metaanalysis of 18 RCTs that compared surgery alone and adjuvant chemotherapy was performed. The absolute risk reduction for death by adjuvant chemotherapy was found to be 6% (95% CI: 2-11%), while that of DXR plus IFM combination chemotherapy was 11% (95% CI: 3-19%), which demonstrates the usefulness of adding IFM to DXR regimens [16] .
After the above-mentioned meta-analysis, the European Organization for Research and Treatment on Cancer (EORTC) conducted a large-scale RCT, EORTC62931, which compared surgery alone and an adjuvant chemotherapy regimen of DXR plus IFM for the treatment of STS. No significant difference between the 2 groups in terms of OS was observed in the trial, which raised doubts regarding the efficacy of adjuvant chemotherapy for treating STS [17] . However, there were several concerns regarding the interpretation of the results of the above trial. In EORTC62931, the IFM dose was low (5 g/m 2 ), which was only half that of the ISG trials and JCOG0304. The study enrolled patients with STS of any site or size contained patients (24%) with small tumors (< 5 cm, minimum 0.4 cm). Given these observations, the most useful perioperative chemotherapy regimen currently available is full-dose DXR and IFM combination therapy, and population that would most benefit from this therapy might be high-risk STS of the limb and trunk. The limitation of the present study is that the JCOG0304 trial was a single-arm phase 2 study and no direct comparison with surgery or postoperative chemotherapy alone was examined. In addition, the number of registered patients was only 72, which can limit the impact of our results.
Taken together with the 10-year results of the present study and the ISG trial, preoperative chemotherapy using full-dose anthracycline and IFM is considered to be useful for treating high-risk STS of the extremities and trunk. It may also be necessary to wait for the final results of the ISG-STS1001 trial. At present, we are conducting a randomized phase 2/3 study of perioperative chemotherapy for the treatment of high-risk STS arising in the extremities and trunk, by comparing DXR plus IFM with gemcitabine plus docetaxel, JCOG1306 [18] . In JCOG1306, we aim to confirm non-inferiority of gemcitabine plus docetaxel to DXR plus IFM since the former regimen is less toxic and has a possibility of combination with other drug including molecular-target therapy in the future therapeutic development.
Conclusions
The JCOG0304 trial showed a favorable, long-term efficacy of perioperative chemotherapy for treating high-risk STS of the extremities. DXR and IFM might be the most useful perioperative chemotherapy regimen for treating STS. To maximize treatment benefit, full-dose anthracycline plus IFM for patients with high-grade, large and deep-seated STS located in the limbs and trunk may be useful.
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